Introduction
The polysubstituted pyridines, especially terpyridines, are prominent building blocks in supramolecular chemistry with their π-stacking and directional H-bonding ability [1, 2] . The pyridyl heterocyclic core is also a widespread subunit in numerous natural products and pharmaceuticals [3, 4] . These facts provide the basis for the development of new efficient synthetic pathways for pyridines [5] [6] [7] [8] . Polysubstituted pyridines have been synthesized using various methods and procedures. Two methods, the two-step Kröhnke [9] [10] [11] [12] [13] [14] and the Hantzsch-type synthesis [16, 17] , have demonstrated distinct advantages over the other procedures. The two-step Kröhnke synthesis via the cyclocondensation of pyridinium salts with α,β-unsaturated ketones in the presence of a mixture of ammonium acetate and acetic acid, allows for the introduction of different aryl groups at the 2,4,6-positions of the pyridine ring and can also be used to prepare oligopyridine derivatives. The drawback of this method is that pyridinium salts and α,β-unsaturated ketones have to be prepared first, which has since been overcome by the one-pot Kröhnke procedure for preparing polysubstituted and annulated pyridines [15] . The second method is the Hantzsch-type synthesis via the cyclocondensation of an aromatic aldehyde, acetophenone and a nitrogen derivative such as ammonium acetate or urea [16, 17] . The key step of the Hantzsch-type is the Michael addition of a second acetophenone to the α,β-unsaturated ketones formed in situ from the aldol condensation of an aromatic aldehyde with acetophenone to form 1,5-diketone. The pyridines with the same aryl groups at 2,6-positions are usually prepared in moderate yields by refluxing the three component mixtures in suitable solvent for several hours. Several new improvements to these procedures have been developed including solvent free reaction conditions [18, 19] , reaction in aqueous media, [20] one-pot procedure under microwave irradiation [21, 22] and direct heating α,β-unsaturated ketones and ammonium acetate in the presence of a catalyst amount of acetic acid [23] . Recently, we found that the onepot condensation reaction of aromatic aldehyde and cyclic ketone with N-phenacylpyridinium bromide in the presence of ammonium acetate with a catalytic amount of acetic acid results in bicyclic annulated pyridines with additional benzylidene groups in high yields [15] . To continue with our efforts for developing new efficient synthesis methods for the polysubstituted pyridines, we would like to report the results of the one-pot reactions of pyridinium bromide, aromatic aldehydes with substituted or nitrogen-containing cyclic ketones.
Experimental

Materials and Apparatus
Melting points were taken on a hot-plate microscope apparatus. IR spectra were obtained on a Bruker Tensor 27 spectrometer (KBr disc).
1 H NMR spectra were recorded with a Bruker AV-600 spectrometer with CDCl 3 as solvent and TMS as an internal standard. HPLC/MS were measured using a Fennigan LCQ Deca XP MAX instrument. Microwave heating was conducted with a Lingjiang LMMC-201 Microwave reactor (Nanjing, China). Aromatic aldehydes, substituted cycclohexanone, 4-methyl and 4-ethyl piperidinone and other reagents are commercial grade. All the solvents used were purified by standard techniques. N-phenacylpyridinium bromide and N-4-phenylphenacylpyridinium bromide was prepared according to published method [13] . The reaction process was monitored by TLC.
General procedure for the preparation of 5,7-dihydro-1,6-naphthyridine
Using a 50 mL flask, N-phenacylpyridinium bromide (1.2 mmol, 0.280 g), aromatic aldehyde (1.0 mmol), piperidinone (1.0 mmol), ammonium acetate (3.0 g) and acetic aid (2.0 mL) were added. Pour this mixture into a microwave and heat for approximately 2 to 4 minutes (130 W). Allow to cool and dilute the reaction mixture with 50 mL of water. Filter to collect the resulting precipitate.
The crude product was recrystallizated with ethanol to produce a pure solid sample for further analysis.
4a
2 -p h e n y l -4 -p -m e t h y l p h e n y l -6 -m e t h y l - 
4b
2 -p h e n y l -4 -p -c h l o r o p h e n y l -6 -m e t h y l -8 -pchlorophenylidene-5,7-dihydro-1,6-naphthyridine, 79%, mp 178. 
4c
-p h e n y l -4 -p -m e t h o x y p h e n y l -6 -m e t h y l -8 -p -m e t h o x y p h e n y l i d e n e -5 , 7 -d i h y d r o -
4d
2 -p h e n y l -4 -p -m e t h y l p h e n y l -6 -e t h y l -8 -pmethylphenylidene-5,7-dihydro-1,6-naphthyridine, 75%, mp.157. Using a 50 mL flask, substituted cyclohexanone (5a-5b, 1.0 mmol), aromatic aldehyde (3a-3e, 2.0 mmol), pyridinium bromide (1a-1b, 1.2mmol), ammonium acetate (3.0 g) and acetic aid (2.0 mL) were added. Pour this mixture into a microwave and heat for approximately 2 to 4 minutes (130 W). Allow to cool and dilute the reaction mixture with 50 mL of water. Filter to collect the resulting precipitate. The crude product was recrystallized with ethanol to produce a pure solid sample for further analysis.
6a
2 -p h e n y l -4 -p -c h l o r o p h e n y l -6 -m e t h y l - 
6b
2 -p h e n y l -4 -p -m e t h y l p h e n y l -6 -m e t h y l - 2-p-biphenyl-4-p-chlorophenyl-6-t-butyl-8-pchlorophenylidene-5,6,7 
6e
-p h e n y l -4 -m -n i t r o p h e n y l -6 -m e h t y l -8 -
6g
2-p-biphenyl-4-p-methylphenyl-6-methyl-8-p-
6h
6j
-p -b i p h e n y l -4 -p -d i m e t h y l a m i n o
) cm -1 . 1 H NMR (600MHz, CDCl 3 ): δ 8.23(d, J = 8.4Hz, 3H, PhH, PyH), 7.71 (d, J = 7.8Hz, 2H, PhH), 7.67 (d, J = 7.8Hz, 2H, PhH), 7.53 (s, 1H, =CH), 7.46 (s, 4H, ArH), 7.31 (m, 3H, PhH), 6.82 (d, J = 7.8Hz, 2H, ArH), 6.78 (d, J = 7.8Hz, 2H, ArH), 3.21 (d, J = 15Hz, 1H, CH 2 ), 3.03 (m, 12H, N(CH 3 ) 2 ),
7a
-p h e n y l -4 -p -c h l o r o p h e n y l -6 -t -b u t y l -8 -
7b
-p h e n y l -4 -p -m e t h y l p h e n y l -6 -t -b u t y l -8 -
7h
2-p-biphenyl-4-p-methoxyphenyl-6-t-butyl-8-p-
7j
2-p-biphenyl-4-2,4-dimethoxyphenyl-6-t-butyl-8-(2,4-dimethoxyphenylidene)-
7k
2-p -biphenyl-4-p -dimethylaminophenyl-6-tbutyl-8-p -dimethylaminophenylidene
General procedure for the preparation of 5,6,7,8-tetrahydroquinolines 8a-8i
To a 50 mL flask, 2-methylcyclohexanone (5c, 1.0 mmol), aromatic aldehydes (3a-3e, 1.0 mmol), pyridinium bromide (1a-1b, 1.2mmol), ammonium acetate (3.0 g) and acetic aid (2.0 mL) were added. Pour this mixture into a microwave and heat for approximately 2 to 4 minutes (130 W). Allow the reaction mixture to cool and diluted with 50 mL of water. Filter to collect the resulting precipitate. The crude product was recrystallized with ethanol to produce a pure solid sample for further analysis. 
8a
8b
2-phenyl-4-p-methoxyphenyl-8-methyl
8c
2-phenyl-4-p-dimethylaminophenyl-8-methyl-
8d
2-p-biphenyl-4-p-chlorophenyl-8-methyl
Results and Discussion
Our recent research has shown that the equal molecular mixture of aromatic aldehyde and acetophenone can be used to replace chalcone in the synthesis of Kröhnke pyridine [15] . If cyclic ketones were used in the reaction of the alicyclic fused pyridines with an additional benzylidene group, the products can be separated with poor to moderate yields. Therefore the use of substituted cyclohexanone was expected to expand the scope and variability of this procedure. According to the onepot procedure for the Kröhnke synthesis of pyridines [15] , a mixture of N-phenacylpyridinium bromide 1a (1.0 mmol), aromatic aldehydes 3a-e (2.0 mmol), and nitrogen-containing cyclic ketones such as 1-methyl-4-piperidinone 2a or 1-ethyl-4-piperidinone 2b (1.0 mmol) in ammonium acetate and acetic acid was heated with microwave irradiation for approximately 3 minutes. After workup the dinitrogen-containing heterocyclic compounds 5,7-dihydro-1,6-naphthyridines 4a-e were produced in moderate yields (Scheme 1). Compounds 4a-e have an additional 8-benzylidene group which are shown in the double aldol condensation of piperidone with aromatic aldehydes to give dibenzylidene piperidone, the latter reacted with N-phenacylpyridinium bromide and ammonia to yield products.
The structures of the 5,7-dihydro-1,6-naphthyridine derivatives 4a-e were characterized by IR, 1 H and 13 C NMR spectroscopy, HPLC-MS and elemental analysis. Their structures were further confirmed by the X-ray crystal analysis of a representative compound, 4c. The compound, 4c, contains a phenyl and p-methoxyphenyl group in 2-and 4-position of pyridine ring are torsioned from the plane of pyridine ring (Fig. 1) . The piperidine ring is in screwed-boat conformation with a p-methoxybenzylidene group attached. The one-pot procedure for the Kröhnke synthesis of pyridines can be further developed to apply to other cyclic ketones and the five component cyclocondensation reaction can be obtained with the assistance of microwave irradiation.
When a mixture of 4-methylcyclohexanone (5a), aromatic aldehydes (3a-e) and N-phenacylpyridinium bromide (1a) in ammonium acetate and acetic acid was heated under microwave irradiation for about three minutes, the desired products, 2-phenyl-4-aryl-6-methyl-8-arylidene-5,6,7,8-tetrahydroquinolines, (6a-e) were obtained with moderate to good yields (48-73%) (Scheme 2).
Under similar conditions another pyridinium salt, N-p-phenylphenacylpyridinium bromide (1b), which is prepared by refluxing pyridine with p-phenylphenacyl bromide, also reacted similarly with 4-methylcyclohexanone (5a) and aromatic aldehydes (3a-e) to give the expected 2-p-phenylphenyl-4-aryl-6-t-butyl-8-arylidene-5,6,7,8-tetrahydroquinolines, (6f-j) in yields of between 57 and 75% (Table 1) . When a more sterically hindered ketone, 4-t-butylcyclohexanone, (5b) 6a  6b  6c  6d  6e  6f  6g  6h  6i  6j  7a  7b  7c  7d  7e  7f  7g  7h  7i  7j 7k was used in this multicomponent reaction procedure, the expected products 2-aryl-6-t-butyl-8-arylidene-5,6,7,8-tetrahydroquinolines, (7a-k) are also successfully prepared in good yields (63-78%).
The reactions shown in Table 1 , all involved aromatic aldehydes and reacted smoothly, which indicates the properties of electron-donating or electron-withdrawing substituents on an aromatic ring of an aldehyde have very little effect on the product yields. On the basis of these observations, although the exact reaction mechanism has not been confirmed, and it is reasonable to believe that this complex transformation could be interpreted as a four-component reaction. Shown in Scheme 3 is the initial ammonia-catalyzed formation of 2,6-bis(arylidene) cyclohexanone (A) [17] [18] followed by the base-catalyzed Michael addition of pyridinium salt to yield a 1,5-dicarbonyl derivative (B). This intermediate (B) is subsequently cyclized by the addition of an amino group to the carbonyl group to form a dihydropyridine ring (C), which in turn eliminates the pyridine cation to form the final product, a polysubstituted 5,6,7,8-tetrahydroquinolines.
According to above purposed reaction mechanism, when a disubstituted cyclic ketone which has only one α-methylene group were used in the reaction the 5,6,7,8-tetrahydroquinoline derivatives without a 8-arylidene group would be produced. In fact when 2-methylcyclohexanone (5c) was employed in this procedure, and was heated with aromatic aldehydes (3a-e) and two pyridinium bromides (1a-b) in the presence of NH 4 OAc/HOAc and under microwave irradiation, the desired 5,6,7,8-tetrahydroquinoline derivatives 8a-i were produced in good yields (67-90%) (Scheme 4).
All the structures of the prepared polysubstituted 5,6,7,8-tetrahydroquinoline derivatives were characterized by IR, 1 H and 13 C NMR and HPLC-MS. It should be noted that these reactions in a microwave irradiation environment are clean and produce very few byproducts. Therefore, the workup procedure involves only a simple filtration of the precipitate followed by crystallization with an alcohol. In all instances, the products can be obtained in high purity with a correspondingly consistently 1 H and 13 C NMR spectroscopy. The single crystal structures of three representative compounds were determined by the X-ray diffraction and their figures are showed in Fig. 2 to 4.
In conclusion, we have described a simple and efficient one-pot multicomponent reaction procedure for the preparation of polysubstituted 5,6,7,8-tetrahydroquinolines and 5,7-dihydro-1,6-naphthyridines. This one-pot procedure is also a simple modification of the two-step synthesis for Kröhnke pyridine derivatives. The advantages of this new approach are as follows: the reaction procedure is convenient, involves a simple experimental procedure and product isolation and therefore dispenses with extensive recrystalization or chromatographic purification steps. It is a fourcomponent reaction which allows for the construction of relatively complicated nitrogen-containing heterocyclic systems using simple starting materials. Further studies to develop the full extend of the synthetic scope of this reaction are currently underway. 
